This paper is entitled the serology of the venereal diseases, but it concerns in very large part that of syphilis or, to be more exact, that of the treponematoses and of biological false positive reactions. Fig. 1 , compiled from Ministry of Health statistics for the years 1931 to 1957, shows the total incidence of syphilis, the incidence of late and latent infections, * Paper read to the Manchester Medical Society, October 14, 1959. and the number of deaths notified as due to syphilis. The latter curves follow the trend of other infective diseases and show, with minor irregularities, a steady decline. Deaths from syphilis have dropped from rather more than one-quarter to about one-fifth of the notifications of late symptomatic and latent infections. Superimposed on these steadily 0BRITISH JOURNAL OF VENEREAL DISEASES falling curves is the widely varying incidence of early infections, reaching a maximum in 1946. Before drawing any conclusions from these figures, their limitations must be considered. The notifications of deaths tend to represent a minimum figure, but are probably comparable throughout. The figures for incidence are not, however, comparable, since they include only civilian patients attending V.D. clinics. The very considerable incidence of early syphilis in service personnel in all theatres of the war is almost entirely suppressed, though it is reflected to a certain extent in the steep post-war rise, due in part to the return of these service personnel which was followed by a wider dissemination of infections among the general population. A further complication was the introduction of penicillin. While multiple courses of the arsenicals and bismuth remained the only effective treatment for syphilis, such treatment in general remained the prerogative of the venereologist, whose service provided both the skilled personnel and the continuity necessary for successful control not only of the patients but also of their contacts. The general availability of penicillin provided a relatively simple, safe, and highly effective cure for syphilis. This has resulted in a larger proportion of patients failing to reach the V.D. clinics, which, apart from falsifying the figures represented here, has sometimes resulted in avoidable tragedy through failure to examine a contact in time to avert a lethal or incapacitating lesion, or through over-or under-treatment, often based on a mistaken belief in the infallibility of the serologist. The extent to which the apparent incidence of syphilis has fallen is debatable. A recent study carried out by the British Medical Association Venereologists' Group Committee (1959) in four small but selected areas, which was based on the return of 32 per cent. of questionnaires sent out, indicated that the incidence of syphilis was about 25 per cent. greater than that shown by the official returns. To provide independent data on this problem, and on the incidence of potentially lethal or incapacitating lesions, I have analysed the results of 1,000 consecutive cerebrospinal fluid examinations carried out by my laboratory between July 1 and September 2, 1959. Forty fluids from thirty-nine patients gave positive reactions; ten were from V.D. clinic patients, four of whom were untreated, and thirty were from other sources, nineteen of whom were apparently untreated, and in many of whom syphilis was unsuspected. This large disparity suggests that many such patients are not referred to V.D. clinics and are thus not included in the Ministry of Health figures, and that the incidence of tertiary syphilis, at least of the central nervous system, is greatly underestimated. Such an underestimate would explain the minimal improvement in the death rate from syphilis since the introduction of penicillin which contradicts the clinical findings. Fig. 2 (opposite) compares the incidence of early syphilis with that of gonorrhoea, the scales being adjusted to align the pre-war curves. The incidence of early syphilis increased proportionately more than that of gonorrhoea during the second world war and reached a maximum of 17,675 in 1946, whereas since that date the fall in incidence has been proportionately greater. This post-war fall at first mirrored the decrease which followed the first world war, and reflected a return to stable social relationships rather than the intervention of the medical profession. The trend has, however, continued, so that in some areas infectious syphilis is no longer endemic, although the importation of infection may result in local, sometimes explosive, outbreaks. The continuing increase in gonorrhoea suggests that the position may deteriorate as in the West Indies where, after a steady rise in frequency of gonorrhoea, the incidence of early syphilis has now also increased.
To summarize, while the notifications of syphilis exceed the average notifications of poliomyelitis, early syphilis is at present relatively uncommon. During the period 1940 During the period -1949 Serological Methods Less than a year after the description of Treponema pallidum by Schaudinn and Hoffmann (1905) , the first report of the application of the complementfixation test of Bordet and Gengou to the diagnosis of human syphilis (Detre, 1906) Chronic.-These are characterized by their persistence for months, years, or even for life, and by the absence of any precipitating cause. The titre of the tests, while commonly low, is not infrequently high, and discrepancies between individual tests are not unusual.
Moore (1956) , commenting on a personal observation of 148 chronic B.F.P. reactors lasting for periods of up to 20 years, stated that at the time of discovery of the positive S.T.S., two-thirds considered themselves to be in perfect health, while the remainder presented with symptoms which were in general minor and not pertinent to the eventual diagnosis. When disease developed in the patients it tended to follow a uniform pattern of periodic episodes in which arthralgia, arthritis, fever, significant malaise, and psychological disturbances were the most frequent manifestations and bizarre muco-cutaneous lesions, uveitis, serositis, and even severe psychosis were not uncommon. These episodes were separated by periods of remission lasting weeks, months, or even years.
At the time this report was undertaken, among these 148 chronic B.F.P. reactors, ten had developed systemic lupus erythematosus and eight rheumatoid arthritis, while 45 showed clinical and laboratory manifestations which suggested systemic lupus erythematosus as the probable diagnosis. In addition, five had developed serious but bizarre illness in which no definite diagnosis could be made. Thus over 45 per cent. developed serious, or potentially serious, conditions.
When the laboratory differentiation of latent syphilis and B.F.P. reactions was based on the use of lipoidal antigens, it depended on the detection of a difference between the antibodies involved. This problem has been approached in many ways, starting from the chemical fractionation of the antigen, which culminated in the isolation of the immunologically specific substance, cardiolipin, by Pangborn (1941) , and including the use of different temperatures and salt concentrations as in Kahn's verification procedures and universal serological reaction (Kahn, 1950) , and the inhibition of some reactions by certain serum fractions, as in the Neurath test. These latter tests may distinguish between antibodies in certain electrophoretic fractions, but these differences, while revealing certain trends, are insufficiently constant to be of diagnostic value, and such procedures offer no practical advantage over the carefully standardized conventional tests using either cholesterolized heart extract or cardiolipin antigen.
The specificity of a test may be assessed by the percentage of normal persons whose sera give negative reactions to it. In the assessment of a test, this definition of "normal" presents difficulties as it should be independent of any serological test and therefore involves the careful clinical assessment of 1,000 or more persons. In practice the best that can usually be found is a group in which the incidence of syphilis may be expected to be low, perhaps blood donors or ante-natal patients. Such series may be expected to contain occasional cases of syphilis and therefore 100 per cent. specificity can never be obtained with a series of adequate size unless a bias is introduced by the use of a serological test in the selection of the patients. These percentages depend on the specificity of the tests and the incidence of syphilis. For example, where the incidence of syphilis is 10 per 1,000 and the specificity of the tests is 99 5 per cent., the expected finding is that, among 100,000 sera, 1,000 positives will be due to syphilis and (100-99-5) per cent. =0-5 per cent. of 99,000 = 495 will be B.F.P. reactions. Thus the percentage of all positives which are B.F.P. reactions will be: 495 x 100 per cent. = 33 1 per cent. (Nelson) . Table 1I illustrates the mechanism of a positive reaction. The control column demonstrates survival in the presence of antibody alone. This is necessary to demonstrate that the serum itself is not lethal, perhaps through the presence of antibiotics. This procedure provided the first satisfactory in vitro test for syphilis using an antigen derived from T. pallidum, and is the basis of the treponemal immobilization (T.P.I.) test, which after 10 years is still considered the test of greatest sensitivity and specificity available for the diagnosis of the treponematoses. Greenbury, 1954) by being carried out on Perspex haemagglutination trays. Three cavities are used for all sera, the upper for the Standard Wassermann reaction, the middle for a cardiolipin Wassermann reaction, and the third for the control. In selected sera and repeat tests, a fourth cavity is used for the R.P.C.F. test. Twenty sera are therefore tested in each tray, and they are identified by placing the tray on a numbered backing, a figure being located behind each cavity. Each tray is marked with a number corresponding to the number of the rack of sera used, and each half of the tray with the first serial number in each row of sera.
Serum is pipetted with a 0-02-ml. dropper and saline is added. When the complement titration has been read, the antigens and appropriate complement dilutions are added by two operators using 0 1-ml. droppers. These operations take about 20 to 30 minutes. The trays are shaken and placed in an incubator for 60 minutes, sensitized cells are then added, and the trays are shaken, replaced in the incubator for 15 minutes, and shaken again.
The tests are read after a further 45 minutes by placing them on the numbered backings used for pipetting the sera. When there is complete lysis, the figure on the backing is clearly visible. Where no lysis has occurred the figure is completely obscured by the button of sedimented cells. Intermediate degrees of lysis are estimated accordingly.
This method of reading may appear rather haphazard, but it is highly reproducible in practice, both between individual operators and from day to day. In order not to complicate the reports more than necessary, only the standard W.R. and P.P.R. are reported on all specimens; the C.W.R. and R.P.C.F. test are reported only when their results are of interest or appear relevant to the diagnosis. Among patients with an established diagnosis of syphilis, the results are reported if they are in general agreement with those previously obtained; any marked discrepancy is checked by re-testing. If a positive reaction is found in a patient who has not been diagnosed or in a patient with negative tests but with the clinical picture suggestive of syphilis, testing is repeated and the R.P.C.F. test is added. If the situation is still not clear, the specimen is retained for the T.P.I. test, or a further specimen is requested if the original is technically unsatisfactory.
The behaviour of the individual tests must be considered before deciding what additional information is obtainable from the different patterns of result. Table IV gives a measure of the sensitivity of the tests, in both untreated and treated patients. The numbers involved are rather small, but they are representative, and all the patients included have been fully assessed with full details of their treatment. In this series, the T.P.I. was positive in eight out of nine, which is a rather high proportion as immobilizing antibody appears later than reagin and R.P.C.F. antibody, and is absent in a few patients with early secondary syphilis. It will be seen that with treatment the results of the tests tend to become negative, and that in the "More than one year" group the T.P.I. is the only test giving any positive results. In a large series, the T.P.I. will be found to be positive in rather more than half the patients with treated early syphilis.
The second section of While the testing programme I have described provides an extremely sensitive means of detecting syphilis, it is at present necessary to test some 300 or 400 persons to find one latent infection, and the specificity of the test system is thus of paramount importance. Table I shows that using a test with a specificity of 99 9 per cent., about a quarter of all positives found would not be due to syphilis under present conditions. The first section of the The return to Wassermann's and Detre's original concept of using the antigens of the treponemata and the development of the newer tests is outlined.
The application of certain of these tests to the examination of large numbers of specimens at the Central Serological Laboratory, Manchester, is described, and the characteristics of the individual tests examined.
It is concluded that, where the diagnosis of syphilis is based on the detection of two unrelated antibodies, the overall chance of error is related to the product of the incidences of false positive reactions found with each test and that the resulting specificity is so high that the sensitivity of selected tests can be raised to a very high level without false positive reactions causing a significant problem..
The combination of reagin tests of normal and high sensitivity with the Reiter protein complement-fixation Test provides a very sensitive and specific test system of relatively low cost which will detect the majority of cases of untreated treponemal infections. Where discrepancies are found the treponemnal immobilization test remains essential to the differentiation of syphilis from biologic false positive reactions.
